Abstract: Voltammetric studies of the interaction of yeast RNA (y-RNA) with Victoria Blue B (VBB) are described in this paper. Furthermore, a linear sweep voltammetric method for the detection of y-RNA was established. The reaction conditions, such as acidity and amount of buffer solution, the concentration of VBB, the reaction time and temperature, etc., were carefully investigated by second order derivative linear sweep voltammetry. Under the optimal conditions, the reduction peak current of VBB at -0.75 V decreased greatly after the addition of y-RNA to the solution without any shift of the reduction peak potential. Based on the decrease of the peak current, a new quantitative method for the determination of y-RNA was developed. The effects of co-existing substances on the determination were carefully investigated and three synthetic samples were determined with satisfactory results. The stoichiometry of the VBB-y-RNA complex was calculated by linear sweep voltammetry and the interaction mechanism is discussed.
INTRODUCTION
Nucleic acids (NAs) are very important for their specific functions in life science. The determination of the content of NAs is very useful in mutation detection and clinical diagnostics. Hitherto, many methods have been proposed for the determination of NAs, including UV-Vis spectrophotometry, [1] [2] [3] fluorescence, 4 the light-scattering technique, 5, 6 etc. However, spectrophotometric methods are limited by their low sensitivity, while fluorometric methods often suffer from inherent interference from proteins and other compounds present in biological samples. Recently, the light-scattering technique was extensively studied and applied to the determination of deoxyribonucleic acid (DNA). 7, 8 Compared with 1468 ZHANG et al. these analytical methods, electrochemical methods have some advantages, such as cheaper and smaller devices, a wider linear range and a lower detection limit. Electrochemical methods have been widely used to study the interaction of NAs in solution with molecules such as metal chelates, 9 dyes 10 and drugs. 11 Most of these studies were, however, focused on investigations with DNA because of its importance in relation to replication and transcription, mutation of genes, action mechanisms of some DNA-related diseases and DNA-targeted drugs, specific sequence gene detection, etc. Otherwise, to the best of our knowledge, reports concerning interactions with ribonucleic acid (RNA) are seldom. RNA also plays important roles in the process of transcription and some gene information is concerned with RNA. Proteins can also take advantage of conformational polymerphism in the RNA backbone. Thus, it is also important to study the electrochemical behavior of RNA. Palecek investigated the voltammetric behavior of RNA on hanging mercury working electrodes using cyclic voltammetry 12 and differential pulse voltammetry. 13 The results indicated that, in a weakly alkaline electrolyte, RNA produced a cathodic peak at -1.36 V (vs. SCE). The interaction of some metal chelates, such as rhodium(III) phenanthroline, 14, 15 ruthenium(II) polypyridine, 16, 17 lead(II), 18 etc., with RNA have been reported for recognition or hydrolysis reactions. Sun et al. investigated the interaction of pyronine B with RNA by an electrochemical method and further applied it to the quantitative detection of RNA. 19 Zhang et al. studied the interaction of a ciprofloxacin-copper complex with RNA by linear sweep voltammetry and established a new approach for RNA determination. 20 Jia et al. developed a method for detecting RNA by the resonance light scattering quenching technique. 21 In this work, the electrochemical behavior of Victoria Blue B (VBB) in the absence and presence of yeast RNA (y-RNA) was examined. VBB is a cationic dye, the structure of which is shown in Fig. 1 . It is a commonly used as a cheaper price indicator. In pH 3.5 Britton-Robinson (B-R) buffer solution, VBB has a sensitive linear sweep voltammetric reduction peak at a potential of -0.75 V (νs. SCE) and the addition of y-RNA into a VBB solution resulted in changes of the reduction peak current, which could be further used for the detection of y-RNA. 
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The optimal conditions for the interaction were selected. Under the optimal conditions, the binding number and the binding constant were calculated from the electrochemical data.
EXPERIMENTAL

Apparatus
All the electrochemical experiments were performed using a JP model 303 polarographic analyzer (Chengdu Apparatus Factory, China) with the traditional three-electrode system using a dropping mercury electrode (DME) as the working electrode, a platinum wire counter electrode and a saturated calomel reference electrode (SCE). All the potentials given in this paper are related to the SCE. A Cary 50 probe UV-Vis spectrophotometer (Varian Company, Australia) was used to record the UV-Vis absorption spectra. A pHS-25 acidimeter (Shanghai Leici Instrument Factory, China) was used for measuring the pH of the solutions. All the experiments were performed at 25±2 °C, except when otherwise stated.
Reagents
Stock solutions of yeast RNA (y-RNA, Tianjin Damao Chemical Reagent Company, China) and fish sperm DNA (fs-DNA, Beijing Jingke Biochemical Reagent Company, China) (1.0 g L -1 ) were prepared by dissolving them in doubly distilled water. The 1.0×10 -3 mol L -1 solution of Victoria Blue B (VBB, Tianjin Kermel Chemical Reagent Company, China) was obtained by dissolving 0.0506 g VBB into 100 mL water. A Britton-Robinson (B-R) buffer solution (0.20 mol L -1 ) was used to control the acidity of the interaction system. All other reagents were of analytical reagent grade and doubly distilled water was used throughout this study.
Procedure
Solutions of VBB (0.40 mL, 1.0×10 -3 mol L -1 ), pH 3.5 B-R buffer (2.5 mL) and an appropriate amount of y-RNA (or samples) were mixed in a 10 mL volumetric flask, diluted to the mark and mixed thoroughly. After reacting at room temperature for 15 min, the second order derivative linear sweep voltammetric curve was recorded in the potential range from -0.3 V to -1.0 V. The peak current of VBB reduction at a potential of -0.75 V (νs. SCE) was recorded as the blank response (Ip 0 ″) and the peak current of the VBB-y-RNA mixture was recorded as Ip″. The difference of the peak current (∆Ip″ = Ip 0 ″ -Ip″) was used for quantitative analysis.
RESULTS AND DISCUSSION
Absorption spectra
The UV-Vis absorption spectra of VBB in the absence and presence of different amounts of y-RNA are shown in Fig. 2 . In pH 3.5 B-R buffer solution and in the scanning range from 350 to 800 nm, VBB had an absorption peak maximum at 612 nm (curve 1) and y-RNA had no absorption (curve 4). When y-RNA was mixed with VBB, the absorbance of VBB at 612 nm decreased (curves 2 and 3), with an isobestic point appearing at 646 nm. The more the y-RNA was added, the greater was the absorbance decrease, which indicates that a binding reaction between VBB and y-RNA had occurred in the mixture solution and a new biosupramolecular complex was formed under these experimental conditions. 
Linear sweep voltammograms
Second order derivative linear sweep voltammetry can give a peak shape curve with high sensitivity; hence it was employed in this study. The second order derivative linear sweep voltammograms of VBB with different amounts of y-RNA are shown in Fig. 3 . It can be seen that the B-R buffer did not have any electrochemical response (curve 1) and VBB had a sensitive second order derivative linear sweep voltammetric reduction peak at -0.75 V (νs. SCE) (curve 2), which was due to the electrochemical reduction of VBB on the mercury electrode, while y-RNA showed no electrochemical response in this potential range. After the addition of y-RNA into the VBB solution, the reduction peak current at the potential of -0.75 V decreased gradually with increasing y-RNA concentration (curves 3 and 4). The phenomena indicated that an interaction occurred in the mixture solution, which resulted in a decrease of free concentration of VBB in the solution and a decrease of the reduction peak current. Since the isoelectric point (pI) of y-RNA is in the range of 2.0 to 2.8 and the value of the pK a of VBB is 8.25, in the selected pH 3.5 buffer solution, the phosphate in the backbone of y-RNA was highly negatively charged, while the VBB molecules were positively charged. Thus a strong electrostatic attraction reaction between VBB and y-RNA occurred in the solution to form a supramolecular complex. Based on the decrease in the peak current, a new voltammetric method for the quantification of NAs was further established.
Optimization of experimental conditions
The influence of pH on the difference of peak currents was examined in the pH range from 1.5 to 6.0 and the results are shown in Fig. 4 , from which it can be seen that the ∆Ip value reached its maximum at pH 3.5, hence this pH value was employed in the following experiments. Additionally, the experiments indicated that the response to the VBB-y-RNA reaction was larger in B-R buffer solution than in other buffers, such as NH 3 -NH 4 Cl, HOAc-NaOAc, etc. Hence, a B-R buffer solution of pH 3.5 was selected as being optimal. The effect of the concentration of the B-R buffer solution on the peak current difference was also studied in the range from 0.010 to 0.20 mol L -1 and the results showed that the ΔIp″ value reached a maximum when the concentration of the B-R buffer solution was 0.05 mol L -1 . The influence of the VBB concentration on the difference in the reduction peak current was measured using 20.0 mg L -1 y-RNA. As shown in Fig. 5 , the ΔIp″ value increased with increasing VBB concentration and then decreased gra-dually. The maximal value of ΔIp″ was obtained at a concentration of VBB of 4.0×10 -5 mol L -1 ; hence a 4.0×10 -5 mol L -1 concentration of VBB was selected for use. Since the y-RNA concentration was fixed at 20.0 mg L -1 , when the VBB concentration was smaller than 4.0×10 -5 mol L -1 , the interaction of VBB with y-RNA did not reach equilibrium, hence the value of ΔIp″ value increased gradually. When the VBB concentration was more than 4.0×10 -5 mol L -1 , the reaction reached to the equilibrium and all the y-RNA was bound to VBB; hence any further increase of the VBB concentration in the reaction solution increased the concentration of free VBB in the reaction solution and then the ΔIp″ value decreased gradually. The binding reaction occurred rapidly after y-RNA was mixed with VBB. The ΔIp″ value reached its maximum within 15 min and remained constant for at least 2 h. Therefore, this system gave ample time to measure the reduction current of a large number of real samples. In the reaction temperature range from 10 to 40 °C, no great differences were observed for the determination. When reaction temperature was more than 40 °C, y-RNA may be denatured. Hence, a temperature of 25 °C was used throughout in the following procedure.
The instrumental conditions of the polarographic analyzer, such as the scan rate and the dropping mercury standing time (lifetime of the mercury drop) were also selected. With increasing scan rate, the peak current increased, which is in accordance with the Ilkovic equation. The maximal ΔIp″ value was obtained at a scan rate as 900 mV s -1 , hence this scan rate was selected. The reduction peak current also increased with increasing standing time of the dropping mercury. However, when the dropping mercury standing time was more than 13 s, the mercury drop fell down naturally. Hence, a 12-second standing time of the dropping mercury was selected.
Generally speaking, biosamples are often diluted with NaCl solution to keep the bioactivity and biomicroenvironment of the target. Hence, the influence of ionic strength was also investigated by the addition of 1.0 mol L -1 NaCl to the mixture. As shown in Fig. 6 , the peak current decreased greatly with increasing ionic strength, which was due to a decrease of the electrostatic force between the VBB anion and y-RNA. With increasing ionic strength, the shielding effect of the charges on the y-RNA was unbeneficial to the formation of the VBB-y-RNA complex. 
Interferences
The interferences of some co-existing substances, such as amino acids, metal ions, glucose, etc., on the determination of y-RNA were studied and the experimental results are shown in Table I . As can be seen, most of the investigated substances could be tolerated at higher concentrations without interference. 
Calibration curves
Under the optimal conditions, calibration curves for the determination of NAs were constructed. As shown in Table II , the differences of the reduction peak current in the absence and presence of the two examined NAs were proportional to the concentration of the NA with a good linear relationship. The detection limit was calculated according to the equation of LOD = KS 0 /S, where K is a constant related to the confidence level. According to the suggestion of the IUPAC, the value of K is 3 at the 99 % confidence level. S 0 is the standard deviation of ten blank-solution measurements (no added y-RNA) and S is the slope of the calibration graph. The relative standard deviation (RSD) for 11 parallel determinations of 20.0 mg L -1 y-RNA was 1.98 %. 
Sample determinations
Artificial y-RNA samples containing metal ions and amino acids, etc., were determined and the results are listed in Table III . It can be seen that y-RNA in the artificial samples could be determined with satisfactory results and the recoveries were in the range of 99.67-100.80 %, which indicates that this method is practical and reliable. 
Stoichiometry of the VBB-y-RNA complex
In the selected pH 3.5 buffer solution, the VBB molecules were positively charged, while deprotonation of the phosphate groups resulted in negative charges on the y-RNA chains. Hence, the interaction of VBB with y-RNA was caused by electrostatic attraction. The stoichiometry of the VBB-y-RNA complex was calculated from the voltammetric data. According to a proposed method, 22, 23 it was assumed that only a single complex of y-RNA-mVBB was formed when VBB interacted with y-RNA. The binding number (m) and the equilibrium constant (β s ) of the binding reaction can be deduced as follows:
The equilibrium constant is deduced as follows:
as: 
Introducing Eqs. (2), (4) and (6) gives:
log [ΔI/(ΔI max -ΔI)] = log β s + m log [VBB]
where ΔI is the difference between the peak current of the sample and blank, ΔI max corresponds the maximum value of difference of peak currents, c y-RNA , [y-RNA-mVBB] and [y-RNA] correspond to the total, bound and free concentrations of y-RNA in the solution, respectively. From Eq. (7), the relationship of log (ΔI/(ΔI max -ΔI)) with log [VBB] was calculated and a linear regression equation was obtained as: log (ΔI/(ΔI max -ΔI)) = 2.48log [VBB] + 11.97 (n = 6, γ = 0.992) From the intercept and the slope, the values m = 2.5 and β s = 9.33×10 11 were deduced, which indicated that a stable 2:5 complex of 2y-RNA-5VBB was formed under the selected conditions.
CONCLUSIONS
The linear sweep voltammetric method was shown to be a useful method for bioanalysis with the advantages of a low detection limit, wide dynamic range and instrumental simplicity with moderate costs. Since the electrode reaction occurred at the electrode/solution interface, it can be applied to small amounts of samples. Based on the decrease of the reduction peak current of VBB after the addition of y-RNA under the selected conditions, a new voltammetric method for the determination of y-RNA was developed. The method is sensitive, reproducible and not affected by commonly co-existing substances. The stoichiometry of the VBB-y-RNA complex was calculated from the voltammetric data.
